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Abstract not available for JP 2004532504 (T) 
Abstract of corresponding document: US 2002140359 
A radio frequency excitation coil of an 
inductive plasma processor includes a 
planar turn connected in series with a 
segment of the coil stacked above a 
portion of the planar turn. The stacked 
segment is placed around a region having .., 
weak radio frequency coupling to plasma 
due to azimuthal asymmetries in the 
chamber and/or the excitation coil. In a 
single winding embodiment, the stacked 
segment is close to an interconnection gap 
between two adjacent planar turns and 
extends in both directions from the gap to 
compensate low radio frequency coupling 
to plasma in the gap region.; In an 
embodiment including two electrically 
parallel spatially concentric windings, the 
stacked segment extends beyond one side 
of an interconnection gap of two adjacent 
turns, and is aligned with the planar turn 
such that one end of the stacked segment 
is directly connected to an end of the 
planar turn via a straight, short stub. 
Terminals of the coil are connected to RF 
excitation circuitry terminals in a housing 
above the coil by leads extending smoothly 
and gradually without sharp bends 
between the coil terminals and the 
excitation circuitry terminals. Ends of the 
planar turn and the stacked segment are 
connected by a lead extending smoothly 
and gradually without sharp bends 
between its ends. 



(A1) 




Data supplied from the esp@cenet database — Worldwide 



Serial No. 10/748,277 
Filed: December 3 1 , 2003 
Attorney Docket 249/409 



http://v3.espacenetxom/p^ 03/19/2009 



JP 2004-532504 A 2004.10.21 



(19)B*BfiS*|f(JP) (12) & 15 $t & SKA) (ll)ttffliI0&3E»* 

45312004-532504 
(P2004-532504A) 
(43) sp*16*10S21B (2004. 10.21) 



feH Int CI 7 


F 1 




T— t-a-K 


HOSH MSB 
n w w n i/w 




1/46 


L 5F004 


HO 1 L ?1/305 


HOI 1 


21/205 


5F045 


H O 1 I 91 rtflffi 
n v/ i i— ci/ouKj 


HOI 1 
n w i l 


21/302 


1 O 1 C 






mmmx mmm ^mwmmx w (± 51 m) 


(2i) mmm^ 


#M2002-578536 (P2002-578536) 


(7i) assiA 


592010081 


(86) (22)SUJPB 


¥j£14#3/129B (2002.3.29) 






(85)SgR^gtBB 


¥®15#9^29B (2003. 9. 29) 




LAM RESEARCH CORPOR 


(86) mmtamm^ 


PCT/US2002/009563 




AT 1 ON 


(87) BDff&H*^ 


W02002/080219 




T* y-toiswrn, f> V -7it>U—T 950 


(87)EBS£WB 


¥)5E14¥10B10B (2002. 10. 10) 




38, yu=i>h, 9vS/*y# 


(31)®5tffii^«^ 


09/821,752 




jL-i 4650 


(32)ffi5fcB 


¥^13^3^308 (2001.3.30) 


(74) ftlA 


100069981 


(33)ffi5fc*f*35B 


#ffl(US) 




#a± mm 






(72) 


5?XV f-s.> 
















555 7U*>Y tfj^^O =>^> 








34561 











(54) mm^x-r&wwi&.mcDmntoRFmmxj >\s 



(57) BSia 

mm (103) t$ot, coTBsass©— a5»o±tc 
w»sfa^*ifc3^uD-b^>h (115) tmwc 

icmwztiZo m-w&<D-mimma3^Tiz, mm 

M®<Dmmmr$m(DKmzMz.Tmz?2>tmc. mm 
Mmm<D-mctmt£tiz * ? ^miii 

-££nTi/^ 0 n-OKDiB? (1 1 1) fi> a^)MD±. 
(Ds\W>7ft<DR FI&MsISg (2 8) SS&?K, 

^wftauaLJcstf*';— h« (128) iczirmm 




JP 2004-532504 A 2004.10.21 



c ® fF m * © §e m ] 

*<£^y^o^«D±^&C'&»ir&j;5fcgaK£n, n ^ ;i, # *t © jti [§] ^ ^ -r 3 '> & < 

[|f5)<3l 2 ] 
ffi © n ;V o 

c n * 9* 3 ] 

if * 91 2 tc ia t£ © 3 -r ;b 0 
c i* # 9t 4 ] 

tg 2 © as ? #\ aifct^^^Kosi tm 2 am? <dh&t*. mmta-^ y * y h (D-^-ft 
^iy- k a *^ ai 2 4g ? *$ «k # 1 ^xomm^^^-ic^n^tim^s ntcm 1 t 2 © gp 

^^ft5;l/-X^t», ;l/ - :/ © JS§ 1 © ap # 1 o © fig in © ^ < S> © gp # £ «E L T ffi 
Ipbt^ tit, ^2©i^?^P>52U ; T*3«5, — 7©SI2<Dais#aMo©fllEllIfr&«lL 
Tfilf tilths, ISsfcJS 4 Kfg© n ;i/ 0 
[ ft & 91 6 ] 

n yf ;H3 J: ^ * V ^ © '> % < i: £> 1 o ^\ X^XvjlgtSii^i^fli^t 

# m ^ tf :*: -T § J: ? tc 12 H £ n , f otSS, ^fifS^^ft^fiitli, W * 91 1 5. 
5 O^f ti^(cEi©3^;l/ 0 

C if sR 91 7 ] 30 
*^^^XTApXtl5aiI^«ffl©MISMI^^llftien^;b^HT-feoT. 3^;1/S1A\ ® 

, H<ttioo8tiA, & © s *f ffiy © m 1 43 J; t>* m 2 © ssi gp # v s r* & o „ # it # 

. ^ © ^ 10 tc !§ B £ n T « ^ x 4 s — %f t^^rttg^tStt, ^ © W gP ¥ ® 
^fc^SWtc^Pfrfcjffit/Si^fcigS^nTfeO, fg 1 & J; £g 2 © E& ^ #\ R F 7 

mmmmtf, m 1 ©les? tsis n ?c sg 1 © sm t . mmvm 1 <Dmi$icmmz nrc 
m2©^gp^^L, m 2 <D&mmm.ffiigtf, m 2 (ommm^icmm^ nrcm i <Dt^^ t . 
%m<Dm 2 <Dmfflicmm.-£ tifcm 2 comt® t ttm l . m 1 %> &zfm 2 (otemmmmmtf , 40 

[fS;R9t 8 ] 

mmcom^icmm^ nrcmmmm<Dm^t>K mm^m^tm-w-m-^^^, w 91 7 ^ sa 

«©&SiM}£l&i!jjg:3-i';bilBo 
[fit*9i 9 ] 

ti^'>%< i:t 1 o<Df igisi^t*, m © n m tc s m z n t « m ^ * ;i/ ^ - 

# ^ w-mfcm<D-&ftictt Lrmz-mterc-tz 7 * > h **a&. £ © » a *a -tr 



JP 2004-532504 A 2004.10.21 



m El © fg 1 ©flBlflte^ft^n&llfcSftfcSSl *5<fct>*gl2©<MS:WL, !g 3 © & ig! $t 
it Kl> 3 ^ 2>v ^0»63^K:«i3a:Wffla5*^-rS(lt*<*©iailM8IBlT?5itfTV''S. » $ 
«7$fttt8f<:S3«ojl«fl«ftig3^/l'SI. 
[ Ml aft 31 i o ] 

^©©-^©^^flt^fite^nTfeD, ^ © *S m , -t^^>h^¥B5ltelil©B5^6iami 

sai 0 © is i (Dt&ffi tmmte-t * y b <Di%ffi£ n^etimffiz ntzm 1 *> «t # a? 2 © m 

Clf #5 1 1 ] 

¥BJSI§l©&i©fiB##¥aftl§l©^i©48aBfc:&3* s* $ 1 0 12 © n -f ;P o 
[If 1 2 ] 

a«6tif)i>htf, #«©2o©¥ffi«!iiiiffl©*BssfaEiiai»**»fL, fropimosi 

# ft fc & 3 , M$«i Oifttt 1 1 ic IB *t © a ;V 0 
[M*«l 3 ] 

HW*^(inT¥ffiiSiHi©mi©4SSP*^-rt/-^ , *a<, m # # 1 0 20 

c mi * m 1 43 

& k a «e « se Hi«fr&«nT¥ffiffiiii©mi©«ap a* e.^ - *ojss, no 

)| 1 0^51 2 Ot^f tlfric|Ei©3^;K 

c is m m 1 5 ] 

&JR£itt«3fi©!{S2©iifig|5#. Mta-fe^*vh©ig»fc:**LT»»#fafc5£tfTV>3, 
I« * II l 0 6 1 4 © v» -fti lc IE « © 3 -T ;l/ « 
[ M j£ JR l 6 ] 

* y /^<Dm<D ±jjictiLW? z> & ? icmmz a ^ & mm. <d % m -r % 'p % < t 

Uo©t8^SU S£ Is] © '> & < t l o , iIW£¥lT*$^ '> & < & l o © 

^^©-ty^^hjc^s^iH]© — gp^^i^ifeen, ^ © *§ jh , ¥ffifigiHi©ffi^e»raPi 

*S»t6nTfc0, «S4a-b^^>h* ,3 PiBailHlfcSSIBE^n, ¥ B 01 HI # , SBWKIV 1 
£ 8f ifi L , BBI«JC«}:oTS^fcrai«*Stt6nTV»S^l43«3;t;^2©9J»*-&*, * * 
fc^^*>htfF^|3&£;|StKLT5£tfT, *■©*§£, Hfety^hOSlSJ:tf^2(!) 

as # . imia©s*nB!jic**, *i & mi & m. m m a ^ ^ » 
[ m * m i 7 ] 

, If * JS 1 6 t IB *t © 3 ;b o 40 
[ If * £ 1 8 ] 

Mfet^^yhosi *5<fctfig2©iMtf, m i <d *%®<d mm z (o k> $>n 

1 6 (c IB ffi © a -Y o 
[8ft$£ 1 9 ] 

nnto-t y * y b <om i <dhh& t. . mm<o±ic$>zmmte-t * y b © - as t © R3 r- , at 

Bte-fey^ > h © H 1 ©^gP^«^afefc¥ffiSSlHl©-gP^t¥ffifiS[Hl©^ 1 © 4S ffl$ © 
F^©¥Sfig[eltt'{c«r^7!)'«r^n^©i:iRl-©?3[p]{i:, « ?jft # ift <fc 5 fc . iife-b^^>h 

# E » S ti T\ *©Sl©«»*<¥ffiflfelH]©£l©J8 95K»Sc;£nTl/-'5, 11*5 1 6 ^ 

e> i 8 © t> ■? n {c ib He © 3 )\* o so 



(4) 



JP 2004-532504 A 2004.10.21 



[»#JH 2 0 ] 

¥ ® fig @ © m i <o t mn & -t ? * ^ h © is i ©4»wi:©iiB©aa*^ ¥ ® fig isi © fg 1 

©i»»£»«fe-fe? > *:'h©a5l©i8g|5£©IH!T. He*\ frOlfrS-^frfCJSl&WftSS* 

ca*3K 2 i ] 

at *e *t & # * ¥ ® fit 0 © if? i oisap^iwafe-fe^^y bom 1 ©4H»Kffi«'&fa-&;*nfc 

¥ffifi£0©S©±©1I^t©F^c*SF.atfn;:2irj : S^©3l l (Dgp^rttc, i» ■ fa -tr ^* > h 
© fg 1 ©iS»*fifcfc¥ffiftlal©8|S#£*FiBaeia®S 1 ©*i*{g|5t©P E g©¥®fig[Hlrt©*^ 

<Datn©*iflii:tts»©#inifc:«»ft*a£-r*5fc:. sa m s n t v> s % is*3S2o(cie«© 

3 ;l/ o 10 
2 2 ] 

Sf«!«3fifeJ:Cfafife-lry^>h^ % &3i«&£fifafc¥ffifi£[a©gB#£l!gi$©i3affi!|©iBI 

Mta-ty><>'hfc*8S^}sS!nsoi:i^i:^iPi{c:*}ss^jsSfns<fc5{c N s»«nn^, is 

# 2 0 fc IE ffi © 3 -r ;I/ o 
2 3 ] 

¥ ® fig in © is* 1 ©fi^gi5t»fflfe-tr^>c> h © sg 1 ©4sa5fc©ia©jsfijtf<, as «e #1 at tc * t> 

T SI £ n > c © @t #1 it # . ¥ffiS£0©^i©4{ga5fc««fe-by^>h©^i©4ffigpi: 
ifi^£faH*£n;fc¥ffiflSlH]©ffi©±#©ffi«fc©|!g{c£lHfi9teffitfSJe©£ l © gg # F*3 © 
?SA', h © lg l ©4SBgp*fifafc¥liflllH]©a5#i:, ¥ ffi fi£ 13 © IS l © SftJ 

f»t©iH©¥ffi]56i3rtK:^ns«na©^riRii:t4R3*©^riq]tc8ansj:3u:^ ibss £nr<^ 20 

£ . IS sRil 1 9 K IB ffi © n -Y ;U o 
C I S * IK 2 4 ] 

« S fa -tr p< > h *K HI»©ffi«T8^«ifi43«l:tf:|ilfife-l:if*:/ h£Mfafc¥ffifi!glHl© 

si5^rtT'r5ftn^«jtti5]i;^[pi(c, *t m fa -b ^ ^ y b t* « m w ffi n § <k ? e -r 3 tc #> tc 

, ¥B^0©^l©4iggp{cSM$tiTV^5, ISsR^i 9K8B«©3i';I/o 
[gfi;£9i 2 5 ] 

iS5f<iBi*->e.2 4, *5j;tF2 6©v^-rn^(cie^©n-r;i/%^-^ % n-r;i/^^--^>/^^-e 
im^mz 6 ] 

■t y ^ > he ¥ ® fie in © - s& # te if & m & m fa 5 n § , 1*9 1 6^624 ov^t n^c 30 

IB $g © 3 ^ }V o 

c fg m © §¥ m a m m 3 

[ 0 0 0 1 ] 

*$£WlZ-mic R F^7XvliE3i';l/*I^§M#^7Xvj!iiiSlcllL, £ f¥ «B 
(C(i> ¥ ffi fig 1h) (p 1 an a r t u r n) te*&tofc&ffi2ftfc¥ffi#«l-fe$ r ;*>'h ( 
planar winding segment) ^t&n^^iit, tf * > b fit ¥■ 
ffl^lHl© — gp^U:^LTMil73l^{ci«*ttfa&nTV^<fc'5^:5a.S^Htc||-rSo * f£ 0J3 
© »J © SI « tt , fg 1 © E fc & •? T , S2©ffi£«»*W?-3ffilElSfctt9S#ffilsli:&lfc;£ 

fc<fctf»2©®**sraw*£tt&RFaiei«?fr53'r;b#K»sft, fig in as as # x & & 

#1 31 © M Sffi F^ K £ fr. o ^ 3 ^ fc: ^ & ft gfl % # "T £ c fc£<&tf3&8E«iSfc:<i: 

or. (1) swc, fro/^fcfi (2) aeflas^fcsacstir^sjfflaiSflitciia-rso 

c « ft s ffi ] 

[ 0 0 0 2 ] 

7j © m >7 ->* > y tc {4 if -r s as ? k m w. ic m t>* s u - k » k <t o x r f m & m ic js » 14 

SO. R F«|&IT*Ii^hTf t>^rt<D>r^>{toI^*M**X7Xv(ti@t5t 
Mm* 3L!£ir z> 0 3^A4B8»lc8at«y-K8 (1 e a d) (i x a ^ jU(om^ tm 50 



JP 2004-532504 A 2004.10.21 



SSf ^7Xlilfc(i^i/l/- h & £ 0 
[ 0 0 0 3 ] 

Og 1 eO*|#S$4, 9 4 8, 4 5 8 ftt, ±IE©*SS*jtJS"*-*fc«>©£fifilBlX 

•Y > £ - X > X • v <y V X • * -y hV-^^r/rLTR F^I&jgKSffilsnfcJt^rtSUiH 10 
? J; fl- M ^ © 118 T , ¥S^lRl^oP3^*i^{cMt>*S 0 c<0i5S3-r;Ki, M j£ 

ttSJK«<DSH»*tt, 3>f;l/©&j£fc:i3ttS«tftK:*oT£ja3nSffl*©l8»J«#© 

lO+t^i/*^XjS»li3-i';l/if)<0R FIfftioT4)S«n5o An X & 

fC *f L T ^fe 7a fa (a z imu t ha 1) ffe§©EMLT, *^^^^>X«^«slit 
7a InJ T * 3 „ *«E*J<fctfWffi«, RF«ifcig©H»»tefctt;5:3^;l'©{5&»l&«!i£tfig 

[ 0 0 0 4 ] 20 
Ogle '4 5 8^#fF^M^L, O ^ n S ^ < X / W ^ ;U IS fHc *t L T , 
;l/ • 3 ;b 4> © R F * ift (± „ h P^^;l/)gtS*4/St 5 <fc 5 t»flJ L, |Oi£§0 h n 

-r • ^7X7^41;, z comma, i^^^xtiiRsnTift^y^x^tiet 

tl^Jtl^o 1. 0^6 1 0 5 'J h-;l/i!Offiff ±JlC fei^T, X v X T ft jg 

tr - ^ a s hnY^;v^i«)i)^©^7XvoMtt, ^7Xvoi^-tt*^»wft 

L (sme a r o u t) , ftp X^ CD * foW. ± © 7" -V > /<? t£ ^ T* © X V X V * If ftp £ 
t5«lRltfS5o L ^ L 5: ^ 6 , — IS C fit % © * T? » + # K f- * > /i & "\ © X =y X v » ^ 

t^T'f f , *fciPX^JlH{>fjficoXvXvmS^3a3iLT^fbS-&SC 
ff^ta^, 1 0-1 O05'J h-;K!)fflHE*iHKfe^TI4, X^Xv*©*?, >T 30 

* ^ & J; If * tt ? © ffi « 51 tc <£ o T . h o-Y^;Ha^c,<D7"7Xvigftfif 

iff ^ # > ftp X © fp * # £> «fc Jl 23 gp 5* T? tt X v X v ffi £ fg < * § 0 
[ 0 0 0 5 ] 

<:o«J:?ftSa:5ffi«jBceHLT, hn^Krt«|fchn-<K^nai©IHttt{c, ftp X % 

* ;l/ X © M it ft T & § ^ -v > © * ij> £g ( f & fc> % -V > Ifi ) CMLTSSSJffift 
K *$ ^ T «, , HHWK*tfty7X7iS* (t4d?y7Xvfg) IS^iCSo c n 
^0^7Xvg$^ltJ;ot, its JK W £ , ftPX%{cAlt^3X^Xviftm©±#&«* 

fi M , 6 %%&z.zmmmm%£.t&o Jtax^tcAW-rsx^xvgstm©^^* 

MilMtcfcoT, ^i^-APXtlMa, lT & t> 13 ftp X ^ © II & 3 SB # £ g & 3 g S Sc X >y 40 
f >^l> fro/$fc«:g&S*©#»**©±K:*i«;£-eai8iRitffc.5 0 
[ 0 0 0 6 ] 

iillIfti:A»t5/7XviS(0^-tt%iSit5«: ^B«tt50<oifti, 3 St 
(ia^;Hgttl;:iit5I|5if ^giicftlLTl^o 00 * *£ , * H # fF 5 , 3 0 4, 
2 7 9 f , S 5, 277, 751 ^,^5, 226, 9 6 7 ^, S 5, 368, 710^ 
> % 5 , 800, 6 1 9 §, S 5, 401. 3 5 0 1, ^ 5, 558, 7 2 2 , SI 5 , 
759, 2 8 0 §, £ 5, 795, 429^,^5, 847, 0 7 4 f fe±tf^6, 02 

8, 3 9 5 *t % # f$ £ ntt\ l u * # & . c:n6cD3-r>>K±-flS{c.^S7?i6]X^x 

imuthal symmetry) &i$5$5€?falK$tL'Tl' > /co 50 



(6) 



JP 2004-532504 A 2004.10.21 



[ 0 0 0 7 ] 

(Multiple Coil Antenna for Inductively 
— Coupled Plasma Generation Systems).!^^?^ 
^C0*H^fF^6, 1 6 4, 2 4 1 «. |WIvDT-s«MWti: ;s PtT^:20©#S^#^, ^-n 
^ ft # > SiiOA^J*3<!:tftH*JiS?i:f ^.§<: t©T-t5, ^ l fc'<i:tfl20S?%t 

-rs> fflon-r^^iiLTi^o ^n;rn©aiiis?«:, r f mmic rmmiz 
o fn?n®S2fflf m 2 <d m<o * * z * ft l x •? v =?■ - * v h v - 1? t r 

& # m it > ¥ ffi £ fc » 3 * ft m Vi (-tfjiti-zmmzrcte i±w>) r* & § a> , 

[ 0 0 0 8 ] 

Ho 1 1 a n d ^(0*I#H^ 6, 02 8, 3 9 5 #fi, ^IStOl^Wtf ff 

y b com ma, 2 o © -tr * y b %mm LtTtTCiStistiA^iDsf i7^-;i/ h 
^*qj*Wfc*-so;-5{cLT, ^ ^ y ^^ncitmmt^-^mmm^mn-r ^> t^ic, tuiim 20 

[ 0 0 0 9 ] 

» M *a n /V gfl © ¥ lit « . 2 o©¥!t*^ ^ttfen^^gP^^^KWtcjtftfcMtf 

L T , K f£ # ^ £ -T 3 ol fiM 14 & & 3 o £ K> t> if , Sc * & , Xh77 hfeirf 'J-F88, 
n^^fi^tflifea^^CioTtlS^nSfllt, ^ fc U - F i£§ *5 <fc t>* n ;U i£i ? 

^ m £ n 3 mi 3a t- , ts^n^c t%iffit/co xh?v b 

*s <t t>* u - k m it , jt n m * # & £ m ?s ^ m * 3 ;nc £ ^ -r § « m 0 , c © & » t 

[ » © m ^ ] 30 

[0010] 

[001 1 ] 

[00 1 2 ] 

g SI ? 4: , 3^/l'©iffi?£©F.g©§rM©&&^&^«)g#ffi«-r-5C t?$5, 
[00 1 3 ] 

* fg B£ © 5JU © S W « . liii©ltftl{c*fLta45iitS5X7XvijE3i';I/© 

[pjg£8m-r3fcA&©^j§s] 

[00 1 4 ] 

m © -mm ic «t n if „ &sgH©jt£*-*>>*©&©±#K:ffiti-rs<j;5fz:Eaftsn 

fc, 12X7X7taiMigl^il(iX7X?lg3^;i/fi, i: l o©na 

y^^Mi, ^ffiEMrafc^+^^rtasoMfcOIHOMIH (il Is? f* S£© JP £ ) S ft 50 



(7) 



JP 2004-532504 A 2004.10.21 



T> ^fiE^|6j©^^X-r^-tt^:(Sj±$-ti:, o ^ * > M t 3 ;U fc *j- T* & ^ £ 

tic £ 2>J3ifL#ttVf>*MiE? ZfcSb-e&Zc mMte-ttr*>h<Diii.M. ISffite-fe^yh 
© 3& © * £ . fe<kr?fllfi*Hr^'^>hi: s PffiS6iHlfco|ffloraBfi^ ^ft^ft©^-*:^*? 

ft fsctfafSL^o 

[0015] 

tifety^y Ki, »$L<S, ¥®;6£0^©ityij&M©fc&©!gi:loJ;tfSg2©a&i* 10 
£ # t? » iifet^y y ¥ffiS6lHll«:»tt*nfciiiiiSomife«fctf^2©4g : ?*wr 

ia*n©sEd5au«'a6iHi*jgfi8-rao -^ss^^tc *s aife-ty^y h(D^2© 

«?fc¥ffiffiliI©SBi©i»ai5fc©IHIOgf«E*ai[-rs^jRy-K»ti, tSSgE^;l/-X* 
^ t? „ c©>U-:/©8Ji*s«fctf£2©i8aMi. JE-ft^ftjaSta-fe^vh©^©*^*: 

¥iSffiisi©^i©4aasu:gs*!E*nTv>So ;u - x « & itt a sp & l k ti> s *v ^oni 

tc flMf 5 ft T, ?©S1, «ffite^^>bt¥M[Hl£fc£oT3Ej&£ft&*M{cg! 
[00 1 6 ] 

* 58 W © B'J © is ik ic a n s\ ^i©#Mg?,m«ij§{i, 3 -r ;p © a * as ? t v -y =9- y 9 • * 

illi, a-r^mAiS^KJSJBtsnfcMlOiaasi:, #«B**;<s/*fc:SSffiSft;fcSI2© 

as gp £ # w -r 3 0 m 1 *s itf^ 2 (o^mmmmmits viz® z o r 

?S fc M T , © IS * ^ *tl6li:J:oTi)JtSftStii« ( , 3 /U ( *5 J: fU ffl rJ &g & 
«Sta-fe^*:/lO C±oT4)S*n5±8tit, S^IC^ft^^t (cons 
t r uc t i ve 1 y) M Ik t> Z ft 2> <> 
[00 1 7 ] 

* §8 be © * 6 & § & ft £ n &\ ¥ a ss in © m i (o»# ktimta-t tr * z/ b © — a&i t tc * 
ft^eftmrn-zftfcm 1 fc<fctf3i2©4sa5*w#-s&jsiaift«i6«* ^<ogi 1 *3«fctf & 2 © 
oft gp h ?, & * » ft gp * t t s v a* , *» o R m ic m t>* s <t ? ic m m £ n s 0 

[0018] 30 

W * L < li , «Ito-b^^> Ki, ¥®#^©W4fSffl©fflH^MfflRitc|^^LTfe«-rs 
o llfet^^ y htt, M PI 5 SS 75 Ir) M tf X „ HBfr67 , 7Xv'\(0fi^R Ftt^* 

[00 1 9 ] 

- * SIS tt tc fe v» T t* , &m&WiWii&te . (1) ¥MlHl©|gl©aSigflfr£PMfrSjSlft 
S^lSHc^-y^fiS*, ^ © *S HI , mntaiz ? * > b <DM l Oitiifgl & *) *> tiamfr & & ^ & 

&-?m®ifr zmtiTmzf zm 1 © sp # t , (2) *©js*6iite-b^^y b <dw, 1 ©as 
asic;i/-7*85^Tgi*fs 2 ©gp# t #^i?o ^«SMm5g©m 1 ©asapa. »H<a 
, »Sfe-t^^>h©^i©4gSPfc3*LT«»^ri^tc5it;*o «ifat^^ y Hi, RF 

« *^ 6 © * at k js «f -r s <fc -5 tc » »i5 « n a ;Hi8 ? © 1 o^H^-r^^2©4sisi5^ 40 

[ 0 0 2 0 ] 

* 18 © it © n m t * n « , ¥iBffiiii«»ife<fctf^2©4sapap^*^*. cn^a^ 

FIWic5t>(cJfigt5 MR J: T 5 Wc ffl Pi * £ it & ft T *5 <0 , * © fc i6 « 

Sife<fctf£2©48aJffi#©ra©¥iHfl6®©3£D«#*iJftft ; 5o ^gPgP^©lo(i 
> ¥S^|S|A^OR^^|6lfc:^t>*S#«X H^>yXtcd;oT#)ii©l^}gfillE]fC^^^ftTV^ 
So «Sft-tr^^>h(i, f«%lxTiD*Tfe!), * © « * , llfet^)i y h«S l 

43 <t t>* s 2 © jg gp ti m © pi on tc * 3 o 

[ 0 0 2 1 ] 

i (ommmmic &fti£. mmte-t ? * > b <om 1 $s zum 2 <Dt&&&. m t& -r s w- m m 50 
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[ 0 0 2 2 ] 

S2©^iB^igtcj:nifx mmte-t ? * y b (om i is &zfm 2 (Diftmiz^ as 2 © a* » a< , 

iCffil$tl5„ »H<B, IHa-t^^^H^ ?©9!2©Jt&tf¥ffitt@©jgl©i|| 
SPOitcttoTV'So «ffi&-tr^>b©IB2©4$ig|Wi, *g < , fc«l©«ia*rt-LT¥BB 10 

as 0 © i?t i ©«iasfcjg«E-rs c fctciot, ¥B5*@rt7?*»*»Bi — 35rrtie«En«i5»t*j: 

[ 0 0 2 3 ] 

* IS W © , ±IBfcJ;tfS&fc3@«K 1# ^ 43 «fe t J: . ?©j|ttn&$ffl)B!tt©l¥lll|& 

[56«§#2&S«i-rS;fc«>©*&©ma8] 
[ 0 0 2 4 ] 

S^HiBOH 1 OKS^7Xviqi»«HSiH:, 0f « ftp X £ ft £JH if 1 2, £Sj£g& 

x y h • y b — h i 4, &j:tf*-©iti&fr&M2Z£-ei3 — (omm&mM'& i 9 e> & 

3 P3 ff2 h >v :/ • 1 84Wt«, RfSSfc^tJg^tifc^^^i'^Ai 0 £ -g- 1? 0 20 

o 

[ 0 0 2 5 ] 

%'<d ic m m -r •& c t # t # s » 

[ 0 0 2 6 ] 

^7X-7««taet s c i: ©t* s!f (H^^-r) a^ih 

g $ n ?c m £ # > •/ (astf) KioT, i~i 0005 u h-;i/©isEHT*^»)Ri 30 

[ 0 0 2 7 ] 

1 0 ft © ft ft « . #3SJS:*M«ISiBfe:«J:oT, itPSnftaBIffifi*tt5^7 
XvtlgJtiS, « M 0* IS M fi , ^1 9©g±Clf ^nt, — fR 1 3. 5 6MHz 

i^r eici^ne^n^^ ¥ as , * & » m m 

. *^«F-A^n^;l/2 4^:^-iJ 0 
[ 0 0 2 8 ] 

> — ^ > X • V -y > ^ • * y hy-i' 2 8(i, R Ff§£^B2 6©ttS^j^?^rJ^ 
;l/ 2 4©E!ie4SJ?£©F f g KlIStXT, 1481^5® R Ft^%3^;Kc$g^t5o ^ 

ytf-^'yx^^y^'^^y-^stt, nj^uz^^vx^-g-*.. c © rT ^ u 40 

7 ^ * > x £ , 1$ ft 3§ 4 3(C c fcoT^*P*n^x'>y^>'^- * y hV-^©A*4S*tcS 
lt«nfe*ffi©Jg|Si:(ftfflft©}i^«lCJS»LT, 3> 2 9 # & 551 © # j£ T* ^ it 

£ 5 o 3yhn-7 2 9 (i, ^•yh7-^2 8®V7^^yXl^i<tJt, ^ © IS 
, « IS S 2 6 , 3^;b2 4fe<fct/ri-f';l/*'!|gl!|-r§y^XvftM*$tyft#i:©-r>tf 
- > X • V«y^>^-^3i^t-§o 
[ 0 0 2 9 ] 

7 t> $ y Xtefflffl? & 0 A ft ^ / W X 4 I It, -1?f>>'3^-^Sit{i*-A7 HO*- 

^^o^iftf/wxtti!^, *fc{iftpx^3 2©-s^§saaja^{;:^LTr3^tr J .- 
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g » « , (1) ,f-h20*^f t>Al 04>tSAt3ffti, ( 2 ) 4? - F 2 2 K 
giStlfcl^^VyCiOlliSnSf t>Al 0 WOE*. (3) 3-f;l/2 4(C«t^ 
SftS«*tHRWE*L^R F«l&» 2 6 0±W*1*, *5 <fc (4) 3^;b2 4 

m £ n fc * * s/ # o « # & s o 

[ 0 0 3 0 ] 

ilP X ft 3 2 « , ^ -V > 1 0 CO ftp X ft * )V ? ( "T & to -5 JE SSI S fc (i ^ -V V >7 ) 30OS 

®tc^ta^s#$nTt50, tan® 3 2 *m&-? zfrfo-Pommizn i 9 © s ® -ey- 
as 3 0 4PIH3 2ti, am. dcii (H^-ar-r) tf*;^3o<oft^ti am^n 

F^t^ti4 5(i, nJg>J7^*>X ( El 7* •£ "T ) ^-g-ty-f^fcf-^yX • * 10 

S4 5©tt***/l/^3 OKIS^t*. 3Vhu-7 2 9 (i, iSipi43 < fcc>*{iiffl^m§s4 9 
^a»#tB Lfcff-^^lS^ Ltvyfvy-^'yh 7- M7 co nj ^ >X%*J^I L 

7^ > £ -e 3 „ 3 0 ft cd it 8i t *s -a- £ n ft M « . ituf+y/n 0 ^0^7 

X 77 & & o Ml *D CD J: ? JC, {ftte»4 5*<*;l/^3 0©*«S^9l*P-rSRF«EEtt. ~? 7 
XvctJCD#«|S?<tffiSftfflLTAPl%3 2±(CDC/^-rTX^^j3)c-r§o 
[ 0 0 3 1 ] 

=i"r/l<2 4$%!>H&* ^0±g|3x>K-7 P ^-hl 8 ±» EStf Ml 2 <D 

rtSck0feV^<^A,^#^rtS% : ft^^#S^-a.-7 , $fc:{±«&^^-;VF3 4-c?feS o 1/ 20 
- ;l/ F 3 4 tt , 3>f;l'2 4rttCf8£?-S*fl^*flH«*fr&»*S^-rSo P3 ffif « fig ^ 

fnftf^Mi ocoits^s a >f 2 4^j;t3r^fi5c*n^«^±ico^w ; &H^-r^o 

ffit*f*S5#tifi 1 9©iSgtt. ^^V^l 0 <D£±a$^ifi#§i«f*f5*Sfi 1 9t'IS^n5 
[ 0 0 3 2 ] 

*IPXft3 2<D$aJiSIS£t5§1I{*5g#i;gl 9©j£aS£B5©|ffl©gE«{±, Itti^n, HStl 

Lv^SfiagflStefcTLT, ftPXft^3ia®£Kmf*:^©j£gBfc©SE8fi«^*>>'Si OcDlttS 
CD^O. 2 — 0. 4 ST'^So 
[ 0 0 3 3 ] 30 
n-T;l/2 4 tti;, lo<D#*S£;fc«l«»©¥ff#»*^«>Scfc*<-e*So H % ?> © IB 12 
tC *5 ^ T & , ffil&i2 60 1 3. 56MHzC*^T, W^CWfC+^ftSST? 

6 0, IS 3 0 1 - 4 5° <D^ttW5?Wt5iI8Ki:lTiilT, ISOSSEiS 
otSS$/^->§4l!t5 0 COJglifK #i<Dfi?(C?So fctf S R F 
0«Efe±tft8tO***tSi*4CS. i^CioTifiSSnSi*^, C tl 6 © R 
F*ajO^:#Sk:fic^-rafc46JC % 3^/1/2 4©-g&S#ifii©T©, ^ -V > ^ 1 0<Df?& 

[ 0 0 3 4 ] 

^^HWtCT^fttSiltfCioT, f# # 33 R F « ^ l|Hc *5 T , /7X 

Si2 6 © Ml r& 3& # 4 . 0MH z t t 3 , C © 1§ « 3 f ;U 2 4®iS«tIWKi 

< , o° ~i 5° t-$>k> . m&ft(D &n fowtiiiis zzfn.fr i&mmttK- felt* %o 

[ 0 0 3 5 ] 

xict&ttmm<Dm 2 est , m 1 <d a ^ >], 2 4 <d — mi&<D ±n&%:^m-t & <> a ;u 2 4 

Ji. 3 ocdi^>l>MIe1 1 0 1 , 102, 1 0 3*WtS*-f»4t*. cti&ot^tli 
, P3 © -fe ^ £ ( ® J£ ) T-feO, IrI — ffirttc^-So fi£@i 0 l - l 0 3(i, 3^;l/ff,i>f4l 
0 5 £ H ;k T* & 9 , SSIhII 0 1, 1 02. *5 <fc £>' 1 0 3©¥Sfi$fjfilftfc: #E 

in 1 0 i~i 0 3 (D^n^tKofamm-mmz 4 o° , -?&t>%p}(D±-\Eim&t) i t>t>-f so 
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2MC/Jn£^ 0 mm 1 0 1 , 1 0 2, 1 03O^S-r§4SSP«, ¥^^[Rl*5ctr>*P3il^|p]tC 

mzf z 3i mm ? h 1 o 7 & £ t>* 1 o 9 ic&^t , ?n?ni ^ttisgi 

1 £ a* 4> & as 0 1 ozoBHaiiSfiBtcjaiftSfu — % t^^>h 1 o9<ofli«j:t;« 
gp4Sgp« % 4>*figiHi 1 0 2 is & z}9\-&mm 1 0 3 (om&iQffiic? n^nmrnz nx ^ z 0 

Pl&M® 1 0 1 © flJUSi (i , li§^-^;HfcttXh7 7^1 8 0T% V -y ? > if • * *y 
h r 7-^2 8(DRF«ffiW73iS ; ?{CJi^$nfc^?l 1 1 * tf „ 
[ 0 0 3 6 ] 

ftgPffiHH10 3©{ft75r©«BgB4ffi?l 1 3 , ji^y + LfciiWOS/— 

•y 7, -r%t>5U — Fttl 1 7 {c J; o T , «Sfea-f;l/--b^^^h i l 5 IS ?U fc S 8t 10 
JtlT^S, tlfe^y^yh 1 1 5 « , (1) IOSS*^l 20° X~$>K) , (2) S£ 
IU1 0 3 0*§if t§R«-b^$ t Lt^^Sntfef), (3) figl 0 

3 © 1 20° -fe^£©±tcS&t), frOffiB^-fr-e^tlT^So -te * * 1 1 5H, 3 ;l> 

2 4©yil 2 0^?)M^|6](i:S'l6 0" @tft*t3> y W 1 2 0 t± , 3^;Hfi^«| 1 0 5 

if zmzf % tmc mm i o 3©svn^p«(ci£it§, mi 2 navm 

mi 0 3 0 2 0° IBI»©W*ffij^&^ffiliK:&*ififafcLT^«Sn3o *1 M & -fe * > 
h 1 1 5 it. 1Mm I 0 1 , 1 02s 1 0 3(DjS«±^^o¥}T4Ifltfilt5, 
[ 0 0 3 7 ] 

»SL<li, =en^ti(Dmm 1 0 i~i 0 3& :g73Jfc1StBfrffi£:WL, &«i»r®©*sy:Sfti 

. ocm, #iii<5S«tffii. 6 c mt-s.^o 10 1 0 1 ~ 1 0 acfnfna, i 20 
ifia^asLfeiH-ptsif^L. H3tc^-r«i:3»c?&*n«j{*:^ains + 3S4»^i 2 4 % # -r 3 © 

L v>, ilfe-b^^y H 1 5 «, L < lt&W.m*M hTzm^MW L, fi^JKi 
1. 0 cmT-itiSA^O. 6cmOiti||fiS)B«Ki*|t5, 
[ 0 0 3 8 ] 

MW.fa%.n-7 o v ? 1 1 9 fci , »flte-b^"^>h 1 1 5^,101 0 l~l 0 3 ic ¥ ff *■> 

•o^<D±730S{c§£@&cfiB&A£>-rSo R*f*£»7'ny* 1 1 9 fi , HUIJIT'S 
0, SS1U1 0 3©±gp:fccktfjgg|5, & 6 -fc > b 1 1 5 & Z ft % ft MS t & S v f- 
12 1, 1 2 3 %^ty 0 
[ 0 0 3 9 ] 

•Iry^M 1 5 fi , 4SS ? l 2 5 «fc l 274t^, cne.fi, 13 2 -f £ -5 fc , y 30 

ii 2oo£6c§i^ftfiSffif*nfnsi«nn>a, Lt^ot, ssi ? 1 2 5 # 

flfe HI 1 0 3 © 4S fi$ 48 ? 1 1 3 5> 5& 5 0 ° R§ PI % £ It T i&fi! [§I 1 0 3©»#©±2FfC&»K 

m e 4$ ? 1 2 7 a , -tr^yi- 1 0 9 tc tiiHi 1 0 2 icmmz ftfcmm 1 03©* 

e> 5 0 ° RB PH * 35 # T , SfeleIl03©gP»©±^{cfe§ o m*y*-£ftfcffiis-h& 
K X h 5 >y y (tftb«'J-K8) 1 2 8©-ig{±, 1 2 7 t:iM?nt, » M M ft 

fcttfcJS^l 2 7*<EISnT^«»»l 1 5©4S»fr&&tt#Gjfc:StfT 
^5. X b ^ -y 7 1 2 8(DiSfi, & 4ffi + * X is $ 1 2 9 %M TgtfeJ tit V^5 „ 
[ 0 0 4 0 ] 

X h 7 y T'f S'J - Kit 1 1 7 (4 , SftJfc::3-r;l/xtt:fc<J:tfyttll 2 0, 1 2 2 5 It ft 
T, t4t>^iS? 1 1 33^6^«llc3gt;sSl©JS»«:Wrs»»l 1 ^^T' 40 

SB # 1 1 6 « , SilE^OSSmWfCfiSEHl 0 3 it>*life-(?^y > h 1 1 5 ¥ IC , 4ffi 
f 1 2 5*M^T10«„ X b ^ «y 7 s 1 1 7tt«ft, Mm I 0 3, t^^Vh 1 1 5 35 <fc 
t>* 4$ ? 1 2 5©7D^]fC;l/--7*^}gfiRLTM-g.gP^'l 1 8 £ # t? <, gfl » 1 1 8 £ 1 2 8 

it , t^^M 1 5©as#"\©J£«lfc:}»oTj£tf, C © SP # "P 48 ? 1 2 5 Sftli 1 2 7 
, 0 4$f;(i5lCit < t;^(C|41LT^5 o g|5 # 1 1 8 © 4JS §B © , Xh^>y^l 1 7© 
Jg 2 © 4$ gM± , 1 2 5K«tS«frO«a«|c8«Sh, Xh7yyo«l OtSSPtf, 

4S ? 1 1 3Efl««frOt««ICjSIISnTl>S, 0 6CStJ:9!C, Xh^-^IS'J 
- K IB l I7(i, MC^nT&CK ^ ^ fc & i; t & ^ * £ ^ x • ;U - :/ tc (K r ^ S <, 
[ 0 0 4 1 ] 

»ttte-tr^yb i i 3 it, mmti* y * h t&w&fr&z ftfc75> x-rmw^vmm so 
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r f m^ttmizz -e , sfijiRi^^xv^-tt^siL, mz.i£&m i o 3 0 $5 1£ & m 0 

ffita-try^^h 1 1 5 <£) ffi B . 4$ ? 1 2 5t 1 2 7<DRgOi«Ste-tr^^>h<D31lOS*, 

& <ktf««fe-b 7 * y h 1 1 5 t^-mmm® 1 0 3 (ommiz. t^^i^i^LT, 

i^fO^vXTii^CR F^^*ii{Lir3cfc?£^?-3©tf$ffg 
[ 0 0 4 2 ] 

Hfety^>H 1 5 tXhvy^ilS'J-KIl 1 7 <D #t S3: L^iStt, i@ 

t^tc, 1 1 8 43 3 «??ft2r e> £ C 3 i§&, 3^;V)!)^«tSffllOl{Cl^K:aJ6 10 

-8--PT (cons t rue t i ve 1 y) )«t>§ fcfcT'S^o l©7 h7 7^f iS'J - F 
IS 1 1 7 <D * J« tt , X h ^ >y 7 1 1 7 <D g|S # 1 1 64»n8tatf. 48 ? 1 25Siffl 
l 3 © IS © ffi 0 l 0 343<fctf««te-tr^^>h l l 5 % ffi ti % Mffi. £ fcM lc ffiti Z 

tc t. ^ 3^ t> 6 f . Sfl 1 3 £ 4$ ? 1 2 5tffin51iS*^ iSl 03tt^^>F 1 

^tlL^^i^ttS, ^ate-tr^'^^h 1 1 5iDiS(c*J7h77 7'l 1 7 © gp # 
1 1 8 « , XF77^I 1 7 © g0 5?- 1 1 8 tf, -tr y >t > h 1 1 5feitft^>OH 1 5 

© t 73 © ffi 0 1 o 3©afisas»K:j:oT^ia*nsa[3jeis*n*nsfflH[jR*^Baf*«fc5 
tc * nnwic-t: 7 * > b i i 5cfii^t>t*nn^, 

[ 0 0 4 3 ] 20 

«*&B2 6©I»ftl3 < l:ff3')';l/2 4 0S««, it? £ L < & , 3-f;l'^R 6® 
iftgi:Jt«LT«mWfc:5@l^ (4 5° «T, iFJ * 2 0 ° - 3 0° ) . Lfei^T, * iffi 
t± , «f l 1 1 i: m l 2 7<7)Pll'n^;l/2 4 ^11 L t St: H |pj(cffin§ 0 * + 

~> * 1 2 9 0t*l^lLljRt«Ci:lC«tot, 4$ ? 1 1 1 43 <fc 1 2 7&C43tf35£m& 

*i*<DigStf«Bf^L<JS:D* O m =¥■ 1 1 1 43 J; 1 2 7 5. ^ it © £ iC , 3 4 A, 2 
4©*^{CfettS^#j^«}Sillf-^ig'(i^fe5o 
[ 0 0 4 4 ] 

X F 5 7 7 1 1 7 © 4£ &± . ffi HI 1 03fr£>-t?^"^>h 1 1 5^\fcia*jb<?te»Av o f3> 

s * k ^ *> ?k ^h-7y^ , ©pf«Bapiffl-esi3&»iasi5^3S:<, c © # » , ffi m 1 o 3 t 

-tr ^ * > h 1 1 5 © K T~ Hi # ^ 3 ^ fc ^ {t £ -t* , 3>f;KE>*«i&#:flJ*SLS&V' 30 

0 ffi hi 1 03*j:tft7^>h 1 1 5 w , #at-fe^^^h©iaitcii[S, s dsic # wr s n 

> -f & fc> ffi IhJ 1 0 1 — 1 0 3 © ffi K ^ ® ;* ft fc X b ^ ^ :/ I: fc «: ^ © {& © *9 

5^-?-n€>^:ilJ§-r^|5l-(DRF*«t^rWL. * ft 6 * (SB 10 1-10 3©ffiCgft 
(C) lit^X h77y^f Il^^lSL, C © It 8 *§ # , ffi HI 1 0 1 ~ 1 0 3 feJcO'-b 
^ * > h 1 1 5 tc J;oT4^^n/ci%, (SLTWIt5aicft«A^t^5o 
[ 0 0 4 5 ] 

H7(C7K-TJ:5{C, 3 ^ 4ft ^ l 1 lfeilfl 27tt> ^-n^n^SXh^-y^i 2843 
itf 1 8 OtCioT, l^fnta^;l/2 4l©Ai)^7^rttfiIf5 + t/^? 1 2 9 40 
4D t fctfV77 t >7*-*7h7-^2 8(Dtil^Sf*/rLT, gtt?ftt^5 0 X h ^ >y ^ 

1 2 8 £ 4ft ? 1 2 7^ + ^^^ 1 2 9 (D Iffl -e P3 » , O Ki> 3 ^ (C ( ft & ?f£ ft SB & L {C 
) SltSaiCioT^ |S|D*iJj±i©£<tfJS{tt2ftS 0 X h ^ >y •/ 1 8 OOSWSS* 
. X r- 7 7 7* 1 2 8feitfSf 1 2 7^rtg^-r§Oi;|5lli{C, 1 1 1 43 cfc 1/ V >y ^ > 

y - *v 2 8 (omfjift^icmu-? z c tic & ■zxmmv&mtfwz tiz 0 

[ 0 0 4 6 ] 

B2~6(D3^;bEii:i(K©ilfe3^jl/Ei«, V -y V ^ • * -y r- 7 - ^ 2 8 © R 

Lttt*t5, fCi^in-f^^lSC/fvU^O, n-r;l/fil 4 0 £ 

|Shi> © . ^ S ffi [si © , {S!£tgLl>«£©rtaPfc<fctfy1-a$#;S£|1 3 0, 1 3 2*#C? 0 ^a 50 
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3^;!/ (S^tiSftiffi) OffBOJRltt, C h e n 6 ©*IS»»!B 6 , 1 6 4, 2 4 1 
^§ £ IB £ tl T ^ 3 <, i 8 icfst, ^Sfe-tr^^yh 1 6 4*Un^;K!)ffiJO?t,iS; 
& f¥ $1 8 , ^mttimA^(DmW%M(D rinduct i ve PI asma Proce 
ssor Having Coil with Plural Windings an 
d Method of Controlling Plasma Density_|£ 
^ o %,ffi(DmM (LHGB Docke t 2328-050, * ItiM £ iC lc 

tfats!), c tiic i&m 8 <d x soiic mm ■$ n z -? v > 7 - * v y^-^^^xsk^ 
zf mm mm t mm? s & , * fe 8 - © v >y ^ > ^ • * >y h 7 - * 2 8 & 
e v ic a - - > y 43 * if m w is is cd » «Bi # # m ft & o 

[ 0 0 4 7 ] 10 
ittl 3 0 8 , 3 -D<DM® 1 3 4, 1 3 6 *5 <fc t>" 1 3 8^^*, C © ft % ft 8 , 141 4 
0^ll,^cD{@SiJcDP3cr)-tr^^{c^oTfeC»> cnf.ORO¥itiS%So rtgP^IUl 3 4 

*? <fc n gp m. m i 3 8«^n^n. a^H)S5S?i 4 2fej;t;tH^a^^*i 4 4 * t? 

0 4ft ? 1 4 2 8, T<yf-y^ • *7 2 8©«*HJ*ttl*lC»«Sn, H , 4ft 
? 1 4 4[i7h77^1 4 5(C<toT^«*t^>'$ 1 4 6$/l-LTgi?nil^. C 
ft ?> © & M 8 , 4ft ? 1 4 2*'»JSI+ + ^'>**/MTftift«n, 4S ? 1 4 4AW'7f^^ 

• * >y h>7-^2 8tgI*tl5J:5K, iiteS^SdfctT'tScfc^t^Stfe^O 
o X h 7 7 ^ 1 4 3 *5 <fc 1 4 5 8, X r- 9 y "f 1 2 8 ffi. Ill 1 34*3 
«k 1 3 8 © 4ft g& 8 , ^@^lRl*<fct>*R^^|6]K^t>*S#^l SOcDit^cO-tr^^^h 1 
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STACKED RF EXCITATION COIL 
FOR INDUCTIVE PLASMA 
PROCESSOR 

Field of Invention 

The present invention relates generally to inductive plasma processors 
with RF plasma excitation coils and, more particularly* to such a processor with a 
coil including a planar winding segment that is electrically connected to a planar 
5 turn, wherein the segment is stacked vertically relative to a portion of the planar 

turn. Another aspect of the invention relates to a processor including a coil with a 
winding having a planar turn having ends that are in a first plane and connected 
with turns or partial turns having ends in a second plane wherein the coil is driven 
from RF excitation terminals that ore spaced from the first and second planes and 
1 0 the turn ends are connected to (1) each other and/or (2) the excitation terminals by 

connecting structures that extend smoothly and gradually, without sharp bends, 
between opposite ends of the connection structure. 

Background Art 

15 One type of processor for treating workpieces with an RF plasma in a 

vacuum chamber includes a coil connected to be responsive to an RF source by 
leads extending vertically between terminals located in a housing above the coil. 
The coil, which is usually planar or spherical or dome shaped, is driven by the RF 
source to produce electromagnetic fields that excite ionizable gas in the chamber 

20 to a plasma. The leads connecting the coil to the excitation source intersect 

tcnninals of the coil.- at right angles. Usually the coil is on or adjacent to a 
dielectric window that extends in a direction generally parallel to a planar 
horizontally extending surface of the processed workpiece. The excited plasma 



(19) 



JP 2004-532504 A 2004.10.21 



PCT/US02/<J9563 



interacts with the workpiece in the chamber to etch the workpiecc or to deposit 
material on it. The workpiece is typically a semiconductor wafer having a planar 
circular surface or a solid dielectric plate, eg., a rectangular glass substrate used 
in flat panel displays, or a metal plate. 
5 Ogle, U.S. Patent 4,948,458 discloses a multi-turn spiral planar coil for 

achieving the above results. The spiral, which is generally of the Archimedes 
type, extends radially and circumferential ly between its interior and exterior 
terminals connected to the RF source via an impedance matching network. Such 
coils produce oscillating RF fields having magnetic and electric field components 

1 0 that penetrate through a dielectric window to excite electrons and ions in a portion 

of the plasma chamber close to the window. The spatial distribution of the 
magnetic field in the plasma portion close to the window is a function of the sum 
of individual magnetic field components produced by the current at each point of 
the coils. The inductive component of the electric field is produced by the time 

1 5 varying magnetic field, while the capacitive component of the electric field is 

produced by the RF voltage in the coils. The inductive electric field is azimuthal 
while the capacitive electric field is vertical to the workpiece. The current and 
voltage differ at different points because of transmission line effects of the coil at 
the frequency of the RF source, 

20 For spiral designs as disclosed by and based on the Ogle '458 patent, the RF 

currents in die spiral coil are distributed to produce a toroidal shaped electric field 
resulting in a toroidal plasma close to the window, which is where power is absorbed 
by the gas to excite the gas to a plasma. The toroidal shaped magnetic field is 
accompanied by a ring shaped electric field which generates a toroidal iihaped 

25 plasma distribution. At low pressures, in the 1 .0 to 10 mTorr range, diffusion of the 

plasma from the toroidal shaped region where plasma density is peaked tends to 
smear out plasma non-uniformity and increases plasma density in the chamber 
center just above the center of the workpiece. However, the diffusion alone generally 
can not sufficiently compensate plasma losses to the chamber walls and plasma 
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density around the workpiece periphery can not be changed independently. At 
intermediate pressure ranges, in the 10 to 100 mTorr range, gas phase collisions of 
electrons, ions, and neutrals in the plasma further prevent substantial diffusion of the 
plasma charged particle* from the toroidal region. As a result, there is a relatively 
5 high plasma density in a ring like region of the workpiece but low plasma densities 

in the center and peripheral workpiece portions. 

These different operating conditions result in substantially large plasma flux 
(Le., plasma density) variations between inside the toroid and outside the toroid, as 
well as at different azimuthal angles with respect to a center tine of the chamber that 

10 is at right angles to the plane of the workpiece holder (i.e., chamber axis). These 

plasma flux variations result in a substantial standard deviation, i.e., in excess of six 
percent, of the plasma flux incident on the workpiece. The substantial standard 
deviation of the plasma flux incident on the workpiece has a tendency to cause non- 
uniform workpiece processing, i.e., different portions of the workpiece are etched to 

\ 5 different extents and/or have different amounts of materials deposited on them. 

Many arrangements directed to improving the uniformity of the plasma 
density incident on a workpiece have concentrated on geometric principles, 
usually concerning coil geometry. See. e,g., U.S. Patents 5,304,279; 5,277,75 1 ; 
5,226,967; 5,368,710; 5,800,619; 5,401,350; 5,558,722, 5,759,280, 5,795,429, 

20 5,847,074 and 6,028,395. However, these coils have generally been designed to 

provide improved radial plasma flux uniformity and to a large extent have ignored 
azimuthal plasma flux uniformity or azimuthal symmetry. 

Our commonly assigned U.S. Patent 6.164241 entitled "Multiple Coil 
Antenna for Inductively-Coupled Plasma Generation Systems," discloses another 

25 coil including two concentric electrically parallel windings each having first and 

second terminals, which can be considered input and output terminals of each 
winding. Each first terminal is connected via a first series capacitor to an output 
terminal of a matching network driven by an RF power source. Each second 
terminal is connected via a second series capacitor to a common ground terminal of 
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the matching network and RF source. Each winding can include a single winding or 
multiple windings that extend circwnferentinlry and radiaOy in a spiral-like manner 
relative to a common axis of the two windings. Each winding is planar or three- 
dimensional (i.e., spherical or dome-shaped) or separate windings of a single 
5 winding can bo stacked relative to each other to augment the amount of 

electromagnetic fields coupled by a particular winding to the plasma. 

Holland et al, U.S. Patent 6,028,395, discloses a coil including plural 
electrically parallel windings. Peripheral parts of the windings are stacked 
vertically with respect to each other and a dielectric window separating the coil 
10 from the vacuum chamber interior. The stacked coil segments are arranged so 

that the electromagnetic fields resulting from current flowing in parallel through 
the two segments is additive, to assist in maintaining relatively uniform 
electromagnetic Melds in the chamber and a relatively uniform plasma density on 
the workpiece. 

1 5 The parallel connections of the stacked coil portions are established by 

struts that extend substantially perpendicular to the two parallel, stacked coil 
portions. Adverse effects may occur as a result of the leads being connected 
perpendicular to the coil terminals. In particular, we have found that the struts 
and leads seem to perturb the electromagnetic fields generated by the coil and 

20 stacked coil segments particularly around the region where the leads and coil 

terminals are connected. In addition the struts and leads have a tendency to 
produce in the coil relatively large standing wave variations which usually cause a 
non uniform plasma to be incident on the workpiece. 

It is accordingly an object oTthe present invention to provide a new and 

25 improved coil for a vacuum plasma processor. 

An additional object of the present invention is to provide a new and 
improved coil for a vacuum plasma processor wherein the plasma density incident 
on a workpiece of the processor has relatively high azimuthal and radial 
uniformity. 
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A further object of the invention is to provide a new and improved 
connection structure between RF excitation terminals driving a plasma excitation 
coil of a vacuum plasma processor and terminals of the coil. 

. Another object of the invention is to provide a new and improved 
5 connection structure between portions of a plasma excitation coil that are in 

different planes relative to a dielectric window of the processor. 

Summary of the Invention 

According to one aspect of the invention, a vacuum plasma workpiece 

10 processor multi-turn plasma excitation coil which is arranged to be positioned 

above a window of a vacuum chamber of the processor has at Least one 
substantially planar turn and a segment stacked with a portion of the planar turn. 
The stacked segment is spaced from the planar turn by a distance different from 
the spacing between the planar rum winding and the roof of the chamber interior 

1 5 (typically the window thickness) and is connected in scries with the planar turn so 

the same current flows in the same direction through the planar turn and the 
stacked segment. The stacked segment is mainly used to increase the inductive 
RF coupling to a particular region of the plasma to improve the azimuthal, plasma 
uniformity and correct azimuthal asymmetries due to the chamber and coil not 

20 being perfectly symmetric. The position of the stacked segment, the arc length of 

the stacked segment, and spacing between the stacked segment and the planar turn 
are preferably selected for each chamber and/or coil configuration to optimize the 
RF coupling to a particular region of plasma. 

The stacked segment preferably includes first and second terminals for 

25 series connection to the planar turn. ^The stacked segment forms an additional, 

extended partial turn having opposite first and second terminals connected to the 
planar turn. In one embodiment, a metal lead which establishes the connection 
between the second terminal of the stacked segment and a first end of the planar 
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turn includes an interconnection loop. First and second ends of the loop are 
respectively connected to the second terminal of the stacked portion and the first 
end of the planar turn. The loop is bent gradually and smoothly without sharp 
bends such that it does not substantially perturb the electromagnetic fields 
5 produced by the stacked segment and the planar turn. 

According to another aspect of the invention, a first metal connection 
structure has first and second ends respectively connected to an input terminal of 
the coil and an output of a matching network. A second metal connection 
structure has a first end connected to the coil output terminal and a second end 

10 connected to a termination capacitor. The first and second metal connection 

structures extend gradually and smoothly without sharp bends such that 
electromagnetic fields produced by them are constructively superimposed on the 
main fields produced by the coil (as well the stacked segment if applicable). 

In accordance with a further aspect of the invention, a metal connection 

1 5 structure having first and second ends respectively connected to a first portion of 

the planar turn and an end of the stacked segment is arranged so it extends 
gradually and smoothly without sharp bends between the first and second ends 
thereof. 

Preferably, the stacked segment is located adjacent an interconnection gap 
20 between ends of a planar winding. The stacked segment extends in both 

directions from the gap to compensate low RF coupling from the gap to the 
plasma. 

In one embodiment, the metal connection structure includes (1) a first part 
that bops from the first end of the planar turn away from the gap so it extends in a 
25 direction away from the gap to a point that i3 farther from the gap than a first end 

of the stacked segment and (2) a second part that loops back from the point to the 
first end of the stacked segment. The first end of the metal connection structure 
preferably extends tangentially relative to the first end of the stacked segment. 
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The stacked segment includes a second end that defines one of the coil terminals 
connected to be responsive to current from the RF source- 
According to an additional aspect of the invention, a planar turn includes 
first and second end portions that are spatially close to each other and are spaced 
5 by a gap from each other so current flows around the remainder of the planar turn 

between the first and second end portions. One of the end portions is connected 
by a radially and c ire umferenti ally extending conductive strap to an adjacent turn 
of the winding. The stacked segment extends across the gap so first and second 
ends of the stacked segment are on opposite sides of the gap. 

10 According to a first embodiment, first and second ends of the stacked 

segment are displaced by approximately equal angles from the interconnection 
gap between adjacent planar turns. The connecting structure is arranged so 
current first flows back in the direction opposite to the direction of current flow in 
the planar turn, then turns direction gradually following the gradually bent 

15 connection structure, and eventually flows in the same direction as the original 

current flow in the planar turn. 

According to a second embodiment, the first and seconds ends of the 
stacked segment are arranged so the second cud is displaced circumferential! y 
across the gap interconnecting adjacent turns and extends substantially greater 

20 than the angular displacement of the gap to compensate low RF coupling from the 

gap region to the plasma. - Preferably, the stacked segment has the second end of 
the stacked segment vertically overlaying the first end of the planar turn. The 
second end of the stacked segment can be connected to the first end of the planar 
turn via a short, straight connection so current continues to flow in the same 

25 direction in the planar turn. 

The above and still further objects, features and advantages of the present 
invention will become apparent upon consideration of the following detailed 
descriptions of several specific embodiments thereof, especially when taken in 
conjunction with the accompanying drawings. 
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Brief Descriptin» of the Drawing 

Fig. 1 is a schematic diagram of a vacuum plasma processor of the type 
employed in connection with the present invention; 

Fig. 2 is a top view of one embodiment of an RF excitation coil for use in the 
processor of Fig. 1; 

Fig. 3 is a cross sectional view taken through the lines 3-3 of Fig. 2; 

Fig. 4 is a side sectional view taken through the marks on Fig. 2; 

Fig. 5 is a side sectional view taken through the marks on Fig. 2; 

Fig. 6 is a perspective view of a portion of the coil illustrated in Figs. 2-5 ; 

Fig. 7 is a side view of the coil of Fig. 2 in combination with metal straps 
connected between terminals of the coil and terminals of a housing including an RF 
source for the coih 

Fig. 8 is a top view of a second embodiment of an RF excitation coil for use 

in the processor of Fig. 1. 

Fig. 9 is a side view of a portion of the coil of Fig. 8; and 

Fig. 10 is a side view of a portion of a coil that is a modification of the coil 

of Fig. 8. 



The vacuum plasma workpiece processor of Fig. 1 of the drawing includes 
vacuum chamber 10, shaped as a cylinder having grounded metal wall 12, metal 
bottom end plate 14, and circular top plate structure 18, consisting of a dielectric 
window stnicture 19 having the same thickness mom its center to its periphery. 
25 Sealing of vacuum chamber 1 0 is provided by conventional gaskets (not shown). 

The processor of Fig. 1 can be used for etching a semiconductor, dielectric or 
metal substrate or for depositing materials on such substrates. 
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A suitable gas that can be excited to a plasma state is supplied to the interior 
of chamber 10 from a gas source (not shown) via port 20 in side wall 12 and further 
distributed uniformly through a gas distribution mechanism (not shown). The 
interior of the chamber is maintained in a vacuum condition, at a pressure that can 
vary in the range of 1-1000 aiilliTorr, by a vacuum pump (not shown) connected to 
port 22 in end plate 14. 

The gas in chamber 10 is excited by a suitable electric source to a plasma 
having a controlled spatial density. The electric source includes a planar or spherical 
or dome like coil 24. mounted immediately above window 19 and excited by 
variable power RF generator 26, typically having a fixed frequency of 1 3.56 MHz. 

impedance matching network 28, connected between output terminals of RF 
generator 26 and excitation terminals of coil 24, couples RF power from the 
generator to the coil. Impedance matching network 28 includes variable reactances 
which controller 29 varies in a known manner in response to indications of the 
amplitude and phase angle of the voltage reflected to the input terminals of the 
matching network, as sensed by detector 43. Controller 29 varies the values of the 
reactances in network 28 to achieve impedance matching between source 26 and a 
load including coil 24 and the plasma load the coil drives. 

Controller 29 also responds to input device 41 to control variable reactances 
coupled to coil 24. Input device 41 can be a manual device, such as a potentiometer 
or keys of a key pad, or a microprocessor responsive to signals stored in a computer 
memory for different processing recipes of workpiece 32. Variables of the recipes 
include (1) species of gases flowing through port 20 into chamber 10. (2) pressure in 
chamber 10 controlled by the vacuum pump connected to port 22. (3) the total 
output power of RF source 26, which is substantially equal to the power supplied to 
coil 24, and (4) the values of capacitors connected to coil 24. 

Workpiece 32 is fixedly mounted in chamber 10 to a surface of workpiece 
holder (i.e., platen or chuck) 30; the surface of holder 30 carrying workpiece 32 is 
parallel to the surface of window 19. Workpiece 32 is usuaUy electrostatically 
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clamped to the surface of holder 30 by a DC potential that a DC power supply (not 
shown) applies to a chuck clectrodo (not shown) of holder 30. RF source 45 
supplies a radio frequency electromagnetic wave to impedance matching network 47 
that includes variable reactances (not shown). Matching network 47 couples the 
5 output of source 45 to holder 30. Controller 29 responds to signals that amplitude 

and phase detector 49 derives to control the variable reactances of matching network 
47 to match the impedance of source 45 to tho impedance of on electrode (not 
shown) of holder 30. The load coupled to the electrode in holder 30 is primarily the 
plasma in chamber 10. As is well known the RF voltage that source 45 applies to 

10 the electrode of holder 30 interacts with charge particles in the plasma to produce a 

DC bias on workpiecc 32. 

Surrounding coil 24 and extending above top end plate 1 8 is a metal tube or 
can-like shield 34 having an inner diameter somewhat greater than the inner 
diameter of wall 12. Shield 34 decouples electromagnetic fields originating in coil 

15 24 from the surrounding environment. The diameter of cylindrically shaped 

chamber 10 defines the boundary for the electromagnetic fields generated by coil 24. 
The diameter of dielectric window structure 19 is greater than the diameter of 
chamber 10 to such an extent that the entire upper surface of chamber 10 is 
comprised of dielectric window structure 19. 

20 The distance between the treated surface of workpiecc 32 and the bottom 

surface of dielectric window structure 19 is chosen to provide the most uniform 
plasma flux on the exposed, processed surface of the workpiecc. For a preferred 
embodiment of the invention, the distance between the workpiecc processed surface 
and the bottom of the dielectric window is approximately 0.2 to 0.4 times the 

25 diameter of chamber 10. 

Coil 24 can include either one winding or plural parallel windings. Tn either 
arrangement, each winding is electrically long enough at the 13.56 MHz frequency 
of source 26 to function as a transmission line having a total electric length of about 
30° to 45" to produce standing wave patterns along the length of the winding. The 
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I wave patterns result in variations in the magnitude of standing wave RF 
voltages and currents along the lengths of the windings. The dependence of die 
magnetic fluxes generated by the windings on the magnitude of these RF currents 
results in different plasma density being produced tn different portions of chamber 
5 1 0 beneath different windings of coil 24. 

The variations in the RF current magnitude flowing in different parts of 
coil 24 are spatially averaged to assist in controlling plasma density spatial 
distribution. Spatially averaging these different current values can substantially 
prevent azimuthal asymmetries in the plasma density, particularly at regions of 
10 low RF current in the windings. Alternatively, the frequency of generator 26 is 

4.0 MHz, in which case the windings of coil 24 are electrically short, about 10° to 
15*, causing the standing wave currents and voltages in the windings to be 
substantially constant 

Reference is now made to Fig. 2 of the drawing, a top view of one 
15 configuration of coil 24, Fig. 1. Coil 24 includes a single winding having three 

concentric turns 101, 102 and 103, all of which ore a sector of a circle and lie in 
the same plane. Turns 101-103 are concentric with coil center axis 105. with turns 
101, 102 and 103 having progressively larger radii. Each of turns 101-103 has an 
angular length that is about 340", i.e. slightly less than one full revolution of a 
20 circle. Adjacent ends of turns 101, 102 and 103 arc respectively interconnected 

to each other by straight radially and circumferential! y extending winding 
segments 107 and 109, such that the inner and outer ends of segment 107 are 
respectively connected to adjacent ends of interior rum 101 and central turn 102, 
while the inner and outer ends of segment 109 are respectively connected to 
25 adjacent ends of central turn 102 and exterior turn 103. The other end of interior 

turn 101 includes terminal 111, connected by an appropriate cable or strap 1 80 to 
the RF voltage output terminal of matching network 28. 

The other end terminal 113 of exterior turn 103 is connected in series with 
Stacked coil segment 1 15 by sheet metal strap, i.e. lead, 117 made of silver plated 
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copper. Stacked segment 115 (1) has an arc length of approximately 120°, (2) is 
shaped as a sector of a circle having a radius equal to the radius of turn 103, and 
(3) overlies and is aligned with a 12(F sector of turn 103. Sector 1 15 extends for 
approximately 60* in each direction from y axis 120 of coil 24; y axis 120 is 
5 defined as. a lute extending through the coil center axis 1 05, and is equidistant 

from the ends of a 20° gap in turn 103 between first and second end portions of 
turn 103, that arc spatially close to each other. Stacked segment 1 15 is positioned 
in a plane above and parallel to the plane of turns 101-103. 

Preferably, each of turns 101-103 has a rectangular cross-section, such that 

10 the width of each cross-section is approximately 1.0 cm and the height of each 

cross-section is approximately 1.6 cm. Each of turns 101-103 is preferable made 
of silver coated copper and has a hollow center 124 through which cooling fluid 
flows, as illustrated in Fig. 3. Stacked segment 1 15 is preferably made of silver 
coated copper and has a solid rectangular cross-section, with a width of about 1.0 

15 cm and a height of about 0.6 cm. 

Dielectric support block 119 fixedly positions stacked segment 115 in a 
plane parallel to and above the plane of turns 101-103. Dielectric support block 
119 has a generally rectangular shape and includes notches 121 and 123 into 
which the top and bottom portions of him 103 and segment 115 respectively fit. 

20 Segment 115 includes terminals 125 and 127, respectively positioned at 

equal angular displacements to the left and light of y axis 120, as illustrated in 
Fig. 2. Hence, terminal 125 is above the portion of turn 103 spaced about 50° 
from end terminal 113 of turn 103, while terminal 127 is above the portion of turn 
103 spaced about 50° from the point of turn 103 connected by segment 109 to rum 

25 102. One end of silver plated, copper sheet metal strap (i.e. lead) 128 is 

connected to terminal 127 and extends tangentially from the end of portion 115 
where terminal 127 is located to assist in electromagnetic field distribution. The 
other end of strap 128 is connected to ground via termination capacitor 129. 
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The strap forming lead 117 includes portion 116 having a first cad that 
initially extends away from the coil x and y axes 120 and 1 22, i.e. outwardly from 
terminal 113. Then portion 1 16 extends both vertically and substantially parallel 
to turn 103 and stacked segment 113 beyond terminal 125. Strap 117 also 
5 includes portion 118 that loops back toward rum 103, segment 115 and terminal 

125. Portion 1 18 or 128 extends along a line tangent to a portion of segment 115 
where terminal 125 or 127 is located as indicated in Figs. 4 and 5. The second 
end of strap 117, at the end of portion 118, is mechanically and electrically 
connected to terminal 125 and the first end of the strap is mechanically and 

10 electrically connected to terminal 113. As illustrated in Fig. 6, the strap forming 

lead 117 is twisted and resembles a Mobius loop that is not completely closed. 

Stacked segment 113 increases the inductive RF coupling to the region of 
the plasma aligned with the stacked segment to improve the azimuthal, plasma 
uniformity and correct azimuthal asymmetries due to the chamber and coil not 

15 being perfectly symmetric, e.g, in the gap between opposite ends of turn 103. 

The position of stacked segment 115, the arc length of the stacked segment 
between terminals 125 and 127, and spacing between stacked segment 115 and 
the planar turn 103 are preferably selected for each chamber configuration to 
optimize the RF coupling to a particular region of plasma. 

20 The configurations of stacked segment 1 15 and the strap forming lead 1 17 

are desirable because the fields resulting from the current in portion 116 that is 
vertically bent away from turn 103 only slightly perturb the fields produced by the 
stacked segment and turn 103 and fields resulting from the current in portion 1 18 
add constructively to other fields the coil produces. The configuration of the strap 

25 forming lead 117 is such that the current flowing from terminal 113 to terminal 

125 does not produce an electromagnetic field that materially subtracts from the 
fields resulting from the combined effects of the currents P.owing in the 
superimposed portion of rum 103 and segment 115 even though the current 
flowing through the portion 116 of strap 117 flows opposite to die currents 
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flowing in the portions of turn 103 and stocked segment 115 between terminals 
125 and 1 13. Portion 118 of strap 117 that is above the stacked segment 115 is 
substantially aligned wilh segment 115 such that portion 118 of strap 117 
produces magnetic fluxes that arc additive to the fluxes produced by the segment 
5 115 and the overlapping portions of turn 1 03 beneath segment 115. 

The frequency of source 26 and the length of coil 24 are preferably such 
that the coil is electrically short compared to a wavelength of RF source 26, (eg. 
20" -30" and no more than 45'). Hence, the current always flows in the same 
direction throughout coil 24, between terminal 111 and terminal 127. By 

10 appropriately selecting the value of capacitor 129, the amplitudes of standing 

wave currents at terminals 111 and 127 are approximately equal and there is a 
standing wave current peak amplitude in the center of coil 24, at a point 
equidistant from terminals 1 1 1 and 127. 

The shape of strap 1 17, involving a smooth and gradual transition in 

1 5 height from turn 1 03 to segment 1 1 5, without any sharp bends between opposite 

ends of the strap, causes a gradual change of inductive coupling between rum 103 
and segment 1 15 and does not distnrb the coil electromagnetic field distribution. 
If turn 103 and segment 115 were connected by straps or other conductors that 
extended vertically directly between the winding and the segment, i.e. at a right 

20 angle to the plane of turns 101-103, there would be abrupt inductive coupling 

changes and substantial disturbances of the coil electromagnetic field distribution. 
These adverse effects would occur because rum 103 and segment 115 have the 
same RF current flowing tluough thcin and the strap connecting them (at right 
angles to the plane of turns 101-103) would produce a magnetic field which 

25 would orthogonally obstruct the field produced by turns 101-103 and segment 1 1 5 

As illustrated in Fig. 7, coil terminals 111 and 127 are connected 
respectively by metal straps 128 and 180 to ground through capacitor 129 and the 
output terminal of matching network 28, both located in a housing above coil 24. 
Many of the same advantages are provided by the smooth and gradual way 
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(without sharp bends) strap 128 is connected between terminal 127 and capacitor 

1 29. Opposite ends of strap 1 80 are connected to terminal 1 I 1 and (he output 

terminal of matching network 28 in the same way as strap 128 and terminal 1 27 ' 

arc connected to provide the same results. 
5 A stacked coil arrangement similar to the coil arrangement of 

Figs. 2-6 can also be employed with a coil including two parallel, concentric 

windings driven in parallel by the RF output of matching network 28. Such a coil 

is illustrated in Fig. 8 as including interior and exterior multi-turn, approximately 

equal length windings 130 and 132, that arc concentric with coil axis 140. The 
10 principle of operation of the multiple coils (or plural windings) is discussed in 

Chen et al, U.S. Patent 6,164,241 . Further details of operation of the coil without 

the stacked segment 164 shown in Fig. 8 can be also found in our co-pending 

application entitled "Inductive Plasma Processor Having Coil with Plural 

Windings and Method of Controlling Plasma Density." (LHGB Docket 2328-050 
15 filed concurrently with the present application) which includes details of the 

matching network and tuning and controlling arrangements that are similar or 

identical to the matching network 28 and the tuning and controlling arrangements 

used for the coil in Fig. 8. 

Winding 130 includes three turns 134, 136 and 138, each of which lies 
20 along a sector of a separate circle that is concentric with axis 140; the circles have 

different radii. Interior turn 134 and exterior turn I3S respectively include input 

excitation terminal 142 and output excitation terminal 144. Terminal 142 is 

connected to the power output terminal of matching network 28 by strap 143 

while terminal 144 is connected by strap 145 to ground through a termination 
25 capacitor 146. It is to bo understood that these connections can be reversed so 

terminal 142 is connected to ground through a termination capacitor and terminal J^r 

144 is connected to matching network 28. Straps 143 and 145 have the same 

configuration as strap 128. The ends of turns 134 and 138 are respectively 
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connected to opposite ends of turn 136 by straight radially and circumferential ]y 
extending segments 148 and 1 50 of winding 130. 

Winding 132 includes exterior turn 152 and interior turn 154 respectively 
including input excitation terminal 156 and output excitation terminal 158. 
Terminal 156 is connected by strap 157 to the power output terminal of matching 
network 28, while terminal 158 is connected by strap 159 to the ground via 
termination capacitor 160, or vice versa. Straps 157 and 159 have the same 
configuration as strap 128. Turnings 152 and 154 are connected to each other by 
straight rircumferentially and radially extending coil segment 162. Turns 152 and 
154 are concentric with coil axis 140 and spaced by different radii from axis 140. 
All of turns 134, 136, 138, 152 and 154 of the coil of Fig. 8 are substantially 
planar and have a cross-section the same as the cross-sections of turns 1 01 -1 03, as 
illustrated in Fig. 3. The interconnection segments 148 and 150 in interior 
•winding 130 are preferably aligned in a radial direction apposite to the segment 
162 of exterior turn 152, to minimize the radial asymmetric effect of RF coupling 
on the plasma. 

The coil of Fig. 8 includes arcuate segment 164 that is stacked above the 
plane of turn 152 and extends through an arcuate length of approximately 150", 
Stacked segment 164 preferably has a solid cross section and is configured the 
same as stacked segment 115, as illustrated in Fig. 3. Segment 164 is held in 
place above a portion of turn 152 by a structure identical to structure 119, Figs. 3- 
5. Stacked segment 164 is a sector of a circle having the same radius as turn 1 52, 
with a center at axis 140 so it is aligned with turn 152. One end of segment 164 
includes terminal 156 connected to the power output terminal of matching 
network 28 by metal strap 157. A first end of strop 157, connected to terminal 
156, extends (I) tangentially from the portion of segment 164 where terminal 156 
is located and (2) in substantially the same plane as the top of the segment. 
Thence, strap 157 extends in a gradual and smooth manner (1) inwardly of 
winding 132 and (2) upwardly similar to the way a spiral staircase increases in 
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height. A second, opposite end of strap 157 is connected to die RF output 
terminal of impedance matching network 28. Strap 143 also extends in a smooth 
and gradual manner, similar to a spiral staircase, between terminal 142 and the RF 
output terminal of impedance maiching network 28. 

The end of stacked segment 164 opposite from terminal 156 is 
substantially aligned with the end of turn 1 52 and is electrically and mechanically 
connected to turn 152 by a vertically extending metal screw 166 and a metal 
spacer 168 at the end of turn 152, where there is no hollow cross section and a 
threaded hole in turn 152 can be made either completely through or deep enough, 
as illustrated in Fig. 9. Spacer 168 is preferably made of silver-plated copper 
while screw 166 is made of silver-plated stainless steel or brass to provide good 
mechanical strength. By tightening screw 166, current continuously flows from 
segment 164 through screw 166 and spacer 168 to turn 152. 

As a further alternative, as illustrated in Fig. 10, segment 164 includes 
metal strap 170 and solid metal portion 172. Opposite ends of strap 170 are 
respectively connected to the end of turn 152 and a first end of solid metal portion 
172 that extends in a plane parallel to turn 152 and is supported by block 119. 
Metal strap 1 70 extends smoothly and gradually between the ends of turn 152 and 
the fust end of solid metal portion 1 72. 

In operation, the coil of Fig. 8 has a relatively short electric length, i.e., the 
frequency of source 26 (e.g., 4 MHz) and the lengths of windings 1 30 and 132 are 
such that the standing wave current in each of windings 130 and 132 is 
approximately 20* to 30° in electrical length. Consequently, there are no 
substantial standing wave current and voltage wave variations along the lengths of 
windings 130 and 132. The positions of input terminals 142 and 156, which are 
driven in parallel by the RF output terminal of network 28, and the short electrical 
lengths of the windings are such that RF currents along the same azimuthal angles 
of turns 134, 136, 138, 152 and 154 flow in substantially the same direction. The 
value of termination capacitors 146 and 160 are respectively selected to adjust the 
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overall impedances of winding): 130 and 132 to control the current in each 
winding, i.e., the lower the impedance is, the higher the current is. 

Because the magnitude and direction of the current flowing in the segment 
of turn 152 below stacked segment 164 is about the same as in the stacked 
5 segment, the magnetic field resulting from current flowing through stacked 

segment 164 aids the magnetic field resulting from the current flowing through 
the portion of him 152 aligned with stacked segment 164. Overall, the coil 
produces electromagnetic field distributions that can be altered azimuthally to 
correct or compensate plasma azimuthal non- uniformity to a substantial extent 

10 While there have been described and illustrated specific embodiments of 

the invention, it will be clear that variations of the details of the embodiments 
specifically illustrated and described may be made without departing from the 
true spirit and scope of the invention as defined in the appended claims. For 
example, many of the principles of (he invention are not limited to coils having 

15 one or two windings but arc applicable to coils having three or more windings. 
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WE CLAIM: 

1. A radio frequency plasma excitation coil for a vacuum plasma 
processor, the coil being arranged to be positioned above a window of a vacuum 
chamber of the processor, the coil comprising at least one winding having multiple 
rums, at least one of the turns being substantially planar, a segment stacked with 
a portion of the one turn so it is spaced from the plane of the one turn, the stacked 
segment being connected in series with the one turn so the same current flows in 
the same direction through the one turn and the stacked segment. 

2. The coil of claim 1 wherein the segment includes a first terminal for 
connection to a terminal of an excitation source or to ground through a termination 
capacitor and a second terminal connected to the one winding. 

3. The coil of claim 2 wherein the second terminal is connected to a 
portion of the one turn substantially aligned with the second terminal. 

4. The coil of claim 2 wherein the second terminal is connected to a 
portion of the one turn overlaid by a portion of the stacked segment between the 
first and second terminals of the stacked segment. 

5. The coil of claim 4 further including a metal lead establishing the 
connection between the stacked segment and the portion of the one turn, the metal 
lead including a loop having first and second parts respectively connected to the 
second tcnnirial and the portion of the one turn, the first part of the loop being 
generally aligned with some of the one rum and extending from the second 
terminal, the second part of the loop being generally misaligned from the one turn. 

6. The coil of any of claims 1-5 wherein at least one of the coil and 
chamber have a geometry tending to cause the plasma density to have an azimuth 
asymmetrical distribution, the stacked segment being positioned to increase 
inductive coupling from the coil to a particular region of the plasma to reduce the 
azirauthal asymmetrical distribution. 

7. A radio frequency excitation coil arrangement for a vacuum plasma 
workpiecc processor, the coil arrangement being adapted to be positioned outside 
a planar window of a vacuum chamber of the processor and in sufficient proximity 
to the window to couple electromagnetic energy into the chamber through the 
window, the coil arrangement comprising at least one winding, opposite first and 
second ends of the winding being planar, the winding when positioned outside the 
window to couple electromagnetic energy into the chamber being positioned so the 
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opposite ends thereof extend substantially parallel to the planar window, first and 
second excitation terminals providing connections for current flowing between an 
RF plasma excitation source and the opposite ends of the winding, a first t metal 
connection structure having a first end connected to the first excitation terminal 
and a second end connected to the first end of the winding, a second metal 
connection structure having a first end connected to tho second excitation terminal 
and a second end connected to the second end of the winding, the first and second 
metal connecting structures extending gradually and smoothly without sharp ends 
between ths ends thereof. 

8. The radio frequency excitation coil arrangement of claim 7, wherein the 
ends of the connection structures connected to the ends of the winding arc co- 
planar with the ends of the winding. 

9. The radio frequency excitation coil arrangement of claim 7 or 8 
wherein the winding includes at least one planar turn, the winding when positioned 
outside the window to couple electromagnetic energy into the chamber being 
positioned so the planar turn extends substantially parallel to the planar window, 
the winding including a segment stacked with respect to a portion of the planar 
turn, the stacked segment being displaced from the plane of the planar turn, the 
stacked segment having a first end, the planar turn having a first end, a third metal 
connection structure having first and second ends respectively connected to the 
first end of the stacked segment and to the first end of the planar turn, the third 
metal connecting structure extending gradually and smoothly without sharp bends 
between the ends thereof. 

10. A radio frequency excitation coil for a vacuum plasma workpiece 
processor, the coil being arranged to be positioned above a window of a vacuum 
chamber of the processor, the coil comprising at least one winding having multiple 
turns, at least one of the turns being substantially planar, a segment stacked with 
a portion of the planar turn so the segment is spaced from the plane of the planar 
turn, the stacked segment being connected with the planar turn, a metal connection 
structure having first and second ends respectively connected to a first portion of 
the planar turn and an end of the stacked segment, the connection structure being 
arranged so it extends gradually and smoothly without sharp bends between the 
first and second ends thereof 

11. The coil of claim 1 0 wherein the first portion of the planar turn is at 
a first end of the planar turn. 
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1 2. The coil of claim 10 or II wherein ihe stacked segment extends across 
an interconnection gap between two planar turns of the winding and in opposite 
directions from the gap. 

13. The coil of any of claims 10-12 wherein the metal connection structure 
loops from the first end of the planar rum away from the gap. 

14. The coil of any of claims 10-12 wherein the metal connection structure 
loops from the first end of the planar turn away from the gap so it extends in a 
direction away from the gap to a point that is farther from the gap than the end 
of the stacked segment. 

1 5. The coil of any of claims 10-14 wherein the second end of the metal 
connection structure extends tangentially relative to the end of the stacked 
segment. 

16. A radio frequency excitation coil for a vacuum plasma workpiecc 
processor* the coil being arranged to be positioned above a window of a vacuum 
chamber of the processor, the coil comprising at least one winding having multiple 
turns, at least one of the turns being substantially planar, a segment stacked with 
a portion of the plnnar turn so it is spaced from the plane of the planar turn, the 
stacked segment being connected with the planar turn, the planar turn including 
first and second end portions that are spatially close to each other and spaced by 
a gap from each other, the stacked segment extending across the gap so first and 
second ends of the stacked segment are on opposite sides of the gap. 

17. The coil of claim 16 wherein the first and second ends of the stacked 
segment are displaced by approximately equal angles from the gap. 

1 8. The coil of claim 16 wherein the first and second ends of the stacked 
segment arc arranged so the second end has an angular displacement from the gap 
that is substantially greater than the angular displacement from the gap of the first 
end. 

19. The coil of any of claims 16-18 wherein the stacked segment is 
arranged and the first end thereof is connected to the first end of the planar turn 
for causing current to flow between the first aid of the stacked segment and a 
portion of the stacked segment overlying the gap in the same direction that current 
flows in the planar turn between a portion of the planar turn overlaid by the first 
end of the stacked segment and the first end of the planar turn. 

20. The coil of claim 19 wherein the connection between the first end of 
the planar rum and the first end of the stacked segment is provided by a 
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connecting structure that extends gradually and smoothly without sharp bends 
between the first end of the planar turn and the first end of the stacked segment. 

21. The coil of claim 20 wherein the connecting structure is arranged for 
causing current in a first portion thereof extending spatially between the first end 
of the planar turn and a region above the plane of the planar turn aligned with the 
first end of the stacked segment to flow in a direction opposite to the direction of 
current flow in the planar turn between the portion of the planar turn overlaid by 
the first eixi of the stacked segment and the first end of the planar turn. 

22. The coil of claim 20 wherein the connecting structure and the stacked 
segment are arranged for causing current to flow therein in the same direction as 
current flows in the portions of the planar rum that are overlaid by the connecting 
structure and the slacked segment on both sides of the gap. 

23. The coil of claim 1 9 wherein the connection between the first end of 
the planar turn and the first end of the stacked' segment is provided by a 
connecting structure, the connecting structure being arranged for causing current 
in a first portion thereof extending spatially between the first end of the planar 
turn and a region above the plane of the planar turn aligned with the first end of 
the stacked segment to flow in a direction opposite to the direction of current flow 
in the planar turn between die portion of the planar turn overlaid by Hie first end 
of the stacked segment and the first end of the planar turn. 

24. The coil of claim 19 wherein the stacked segment is connected to the 
first end of the planar turn for causing current to flow in the stacked segment in 
the same direction as current flows in the portions of the planar turn that arc 
overlaid by the connecting structure and the stacked segment on both sides of the 



25. A vacuum plasma workpiece processor including the coil of any of 
claims 1-24, the coil being positioned outside the chamber and in proximity to the 
window. 



gap. 
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